Abstract. This paper presents a solution to solve the detection and estimating speed problem for road vehicles in images acquired by means of unmanned aerial vehicles (UAV). UAV photographing which can conveniently take vehicles' picture and save time for setting up fixed cameras have become an important part in intelligent transportation system (ITS). The proposed method starts with HSV color space transformation in order to reduce the influence of light change, and uses the saturation features to remove shadows in the aerial images. Then, the lane is used as a scale to estimate the vehicle speed for reducing the error influences in UVA flight altitude pressure. The experimental results show that this method performs well in the height of 40 meters, and the vehicle speed calculation error is less than 3. 3%.
Introduction
Today, local administrations have exploited imaging technologies on the ground to estimate the speed of vehicles. Because of shooting down from the top, the speed estimation by means of UAV can solve the shadowing problem that the traditional camera may encounter. The development of this method can be extremely interesting for local administrations in order to optimize the urban traffic planning and management. Moreover, the use of aerial technologies could be useful especially in emergency situations where it is necessary to reach and monitor specific roads in very short time.
In the current literature, it is possible to find several vehicle detection techniques considering both low and high-resolution images [1] [2] [3] [4] . While it is possible to find only very few papers which deal with the estimation of vehicle speed from aerial images. Yamazaki et al. [5] suggests deriving the speed of cars by exploiting the shadow of cars. In [6] , the authors explore the use of a set of invariant features (i. e. SIFT features) to locate the vehicles and to estimate their speed in two successive UAV images.
In this paper, a method to detect vehicles and estimate the vehicle speed is proposed for aerial images acquired by means of an UAV sensor. The road lane is used as a scale for the purpose of reducing the error influences in UVA flight altitude pressure. Temporal differencing method is used to separate moving objects (vehicles) and backgrounds. By finding out the centroid of vehicles and calculate the moving distance expressed in pixels, speed of vehicles is estimated more accurately. This paper is organized as follows. Section proposed method describes the proposed methods to detect the moving vehicles and estimate the speed. In Section experimental results, the estimation results obtained on a real case are presented. Section conclusion is devoted to the conclusions of this paper and to future developments.
Proposed Method
The procedure of the main method in this paper is discussed in detail in following context.
The method of temporal differencing [7] is used, which is not affected by the motion of the UAV camera, and not resulted in judging moving object failure, for the foreground extraction. In order to reduce the influence of light changes, this paper converts the RGB color space form of images to the HSV color space ones, and uses the saturation features to remove shadows in the images. The conversion equation from the RGB color space to the HSV color space is showed in Eq. 1. represents the minimum value of the three components.
Horizontal projection [8] [9] [10] is used in this paper to determine how much percentage of the whole image the lane occupies in vertical axis. The lane horizontal projection result is shown in Fig. 1 (a) , in which there are eight extremes with large numerical variation. It is obvious that the values between the lane positions vary regularly. Fig. 1  (b) illustrates the corresponding binary image of the land. B. Feature Extraction.
In this paper, the procedure of determining the vehicle category is: If the moving object's width is greater than one-fourth the width of the lane and the aspect ratio is between 1. 5 and 3 times, it will be regarded as a vehicle, this range represents small vehicles (locomotives, bicycles, etc.) and medium-sized vehicles (minivans, cars, recreational cars, etc.). Vehicles, whose width is greater than half the width of the lane and the aspect ratio is more than 3. 5 times, is regarded as large vehicles (including buses, big trucks, etc.), the objects that do not meet the above conditions are determined as non-vehicle moving objects excluded.
In the current literature, the speed is calculated mostly through the coordinate plane transformation. However, because of the time-consuming parameters, this paper presents a more convenient and rapid calculate method, which use the lane width as a scale to calculate the actual moving distance.
Suppose one moving object is focused on, the method calculates the centroid of the target, thus the position of the object is defined, by comparing the centroids of the two continuous pictures, the moving distance of the vehicle can be estimated by using the Euclidean distance formula. The vehicle moving pixels is multiplied by the actual distance represented by each pixel using the lane width estimated from the horizontal projection as the scale, and then the actual vehicle moving distance is obtained. If the distance is divided by the time difference between two continuous pictures, the speed of vehicles can be calculated. 
Experimental Results
This section shows the results obtained by using the proposed technique on a sequence of images acquired over different altitudes.
Experimental Platform and Parameters
In order to validate the methodology, the whole vehicle speed calculating process is tested on a real scene. The UAV equipped with imaging sensors used in the experiment is: DJI PHANTON2 VISION +, whose GPS positioning function can effectively reduce the requirements for manipulation technology. The mobile phone APP (see Fig.  2 ) also can monitor the current UAV speed, height, and the camera's photographic images and other information. The images characterized by three channels (RGB) were acquired over the Baoshan road in Changhua city (Taiwan) on January 9, 2017, at 16:30 P. M. All the acquired images have sizes of 1920 * 1080 pixels and 30 frames per second (FPS), the images were taken at altitudes of 40m. 
Results and Analysis
Several speed-estimated results captured from each experiment of different driving directions are displayed in Fig. 3 for the actual driving speed of 60km/hr. From the accuracy analysis results (Table I) , the average relative errors at the altitude of 40 meters are 3. 3%.
Summary
In this paper, a method to detect vehicles and estimate the vehicle speed for aerial images acquired by means of an UAV sensor is presented. The road lane is used as a scale for the purpose of reducing the error influences in UVA flight altitude pressure. Temporal differencing method is used to separate moving objects (vehicles) and backgrounds. By finding out the centroid of vehicles and calculate the moving distance expressed in pixels, speed of vehicles is estimated more accurately. The experimental results prove that our method can achieve moving vehicle detection accuracy and the average relative error is less than 3. 3%. The approach presented in this paper is able to quickly process real data, which will enable moving vehicles speed estimating to be performed automatically by UAVs, moreover, it is more convenient for planning and analysis of surrounding transportation for big event without taking time to set up a fixed camera or to mark a feature point on a road.
The future work realistic therefore focuses on the proposed technique works more accurately. Starting from this work, it is possible to identify several developments to make the method more stable to all possible altitude. Especially, the lane width calculating which is of main importance to correctly extract the differences could be improved to obtain better results even if the considered images are acquired with larger temporal differences.
